This work aims to use the color distribution of galaxies to differentiate between blue and red galaxies. The photometric data of 300000 galaxies at redshift of z = 0 -0.15 were collected from the Sloan Digital Sky Survey (SDSS). Three redshift ranges were considered for the purpose of this work: 100000 galaxies at z = 0-0.05, 100000 galaxies at z = 0.05-0.1 and 100000 galaxies at z = 0.1-0.15. The color distributions for all redshift ranges were determined. The results have clearly shown that the color distributions for all redshift ranges are bimodal. One of the two peaks corresponds to the blue galaxies (young and star-forming galaxies), whereas the other peak corresponds to the red galaxies (old and non-star-forming galaxies). Therefore, the color distribution of galaxies can be considered as an efficient tool to distinguish between blue and red galaxies.
Introduction
Different types of galaxies have different physical properties. Therefore, it is useful to classify galaxies into different groups. The first morphological classification of galaxies was proposed by Hubble in the twenties of last century [1] . Hubble classified galaxies into three main types: elliptical, lenticular and spiral galaxies. His scheme of classification is now known as Hubble tuning fork diagram. Elliptical galaxies are usually denoted by the letter E followed by a number that represents the degree of ellipticity. On the other hand, spiral galaxies can be subdivided into two groups: normal spirals (Sa, Sb, Sc) and barred spirals (SBa, SBb, SBc). The intermediate galaxies between ellipticals and spirals are referred to as lenticular galaxies (S0). A recent description of the Hubble classification scheme of galaxies was also presented in the second edition of Schneider's book that was published in 2015 [2] . Several previous studies showed that the color of galaxies provides wealth of information about their morphological types and ages. For example, a study that was published in 2001 showed that the color distribution of a sample of 147920 galaxies is bimodal [3] . Another 53 study that was published in 2008 showed that the evolution of galaxies can be studied as a function of their color. They also confirmed that the color distribution of galaxies is bimodal [4] . It was pointed out in a previous work that the bimodality arises due to two natural features: 1-star formation histories of massive red galaxies that are formed in biased high density regions, and are peaked at higher redshift as compared to lower mass galaxies; and 2-the existence of a non-gravitational mass scale [5] . Simulated galaxies from IllustrisTNG were used recently to investigate the bimodality of color distributions of galaxies. An excellent agreement was found between the simulated color distributions of galaxies and the observed counterparts from the SDSS survey [6] . On the other hand, a few recent studies have shown that the morphological classification of galaxies can be achieved with high accuracy using modern machine learning algorithms [7, 8] . Computer vision and pattern recognition techniques were also used to analyze the morphological types of about 3 million galaxies taken from SDSS survey. These techniques were found to be effective and accurate [9] . The goal of this work is to classify galaxies into two types: blue and red galaxies using the photometric data of three large samples of galaxies from SDSS survey. The collection of photometric data from SDSS was discussed in the following section. Then we present the calculations, results and discussion followed by the conclusions drawn from the results of this work.
Data collection from SDSS
The Sloan Digital Sky Survey (SDSS) is a large spectroscopic and imaging survey that uses a 2.5 m telescope at Apache Point Observatory. A description of the SDSS telescope was published in 2006 [10] and a description of the fourteenth data release of SDSS has been published recently [11] .
The photometric data of three samples of galaxies at three different redshift intervals: z = 0-0.05, z = 0.05-0.1, z = 0.1-0.15 were collected from the SDSS survey. Each sample has a size of 100000 galaxies. The data used in this work are the magnitudes of galaxies in five bands between 3000 Å and 10000 Å (u, g, r, i, z). The central wavelengths and full widths at half maximum of all bands are listed in Table 1 . The data of a sub-smaple of 30 galaxies at redshifts from 0 to 0.05 were listed in Table 2 . 
Results and Discussions
The data of the three samples of galaxies mentioned in the previous section were used to determine the color distribution of galaxies and differentiate between young and old galaxies. The color of galaxies can be determined from the difference between the magnitudes in two different bands. It was found that the (u-r) color is one of the colors that are more sensitive to stellar ages (see e.g. [13] . In addition, the (u-r) color is widely used to study the physical properties of astronomical objects and their environments (see e.g. [14] ). Therefore, the difference between magnitudes in u and r bands is used for the purpose of this work. The (u-r) color is calculated for the three samples of galaxies and histograms are plotted in Figures 1, 2 and 3 . The three figures reveal that the color distributions are bimodal for all redshift intervals. The results of this work are
The Bimodal Color Distribution of Galaxies at Redshift of z=0-0.15 from the Sloan Digital Sky Survey (SDSS) 2019 55 found to be consistent with those published by previous works (see e.g. [3, 15 and 16] ). The first peak is for blue galaxies while the other peak for the red galaxies. This means that the color distribution can be used to classify galaxies into two types: blue and red galaxies. The difference in the color of galaxies is due to the difference in the population of stars within the galaxies. The stars in blue galaxies are young and contain light elements such as hydrogen, whereas the stars in red galaxies are old and contain heavy elements such as iron. Bimodal Gaussian distributions were fitted to the histograms. The fittings were performed using QtiPlot on a linux system. The formula of the bimodal Gaussian distribution is written as follows:
where a 1 , µ 1 and σ 1 are the amplitude, mean, and standard deviation of the first peak, and a 2 , µ 2 and σ 2 are the amplitude, mean and standard deviation of the second peak. The histograms with fitted curves are plotted in Figures 4, 5 and 6 . The fitting parameters of the bimodal Gaussian distributions for all redshift intervals are listed in Table 3 . 0.362 ± 6.667 × 10 -5
Conclusions
The color distributions of three samples of galaxies at redshifts from 0 to 0.15 were determined using photometric data from the SDSS survey. The key result of this work is that the color distributions are found to be bimodal for all redshift ranges considered in this work. This is due to the star formation processes in galaxies that have an impact on the color of galaxies. Blue galaxies are starforming galaxies, whereas red galaxies are non-star-forming galaxies because they contain 59 heavier elements. Therefore, the color distribution can be considered as an ideal tool for classifying galaxies according to their colors. In addition, it can be used to improve our understanding about the formation and evolution of galaxies. This also means that the difference in the morphological types of galaxies is due to differences in their intrinsic physical properties.
